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a  b  s  t  r  a  c  t
Introduction:  There  are  no published  studies  on  bone  density  of the  greater  tuberosity  of  the  humerus,
which  could  inﬂuence  the  stability  of  reinsertion  by suture  anchors.  The  goal  of  our  study  was  to determine
the  inﬂuence  of  age,  gender  and  the  type  of  tear  on  the  quality  of bone  in  the  greater  tuberosity.
Methodology:  Ninety-eight  patients  over the  age  of 60  were  included,  41  without  a rotator  cuff  tear  and
57  with  an  isolated  stage  1 or 2 supraspinatus  tear  and fatty  inﬁltration  (FI)  ≤  2.  The  areas  of  measurement
included  cancellous  bone  located  under  the  cortex  of the greater  tuberosity.  Measurements  were  obtained
either  across  from  the tear  or from  the  middle  facet  with  greater  tuberosity  if the cuff  was  not  torn.  We
measured  average,  maximum  and  minimum  bone  density  and  the  standard  deviation  (SD)  in each  region
with Osirix  software.
Results: The  two  groups  were  similar  for age  (73),  investigated  side  and  mean  densities  (0.282  g/cm2 vs
0.210  g/cm2). Age  over  70 was  a predictive  factor  for osteoporosis  of  the  greater  tuberosity  whether  or
not a rotator  cuff  tear  was  present  (P < 0.0001).  There  was less  trabecular  bone  in  women  with  cuff  tears
(P  =  0.009).  Stage  2  cuff  retraction  was  predictive  of osteoporosis  of  the  greater  tuberosity  (P  = 0.0001).
Conclusion:  This  is  the  ﬁrst study  in  the literature  to evaluate  bone  density  of the greater  tuberosity  in
relation  to the  presence  or  not  of  a rotator  cuff tear  in  an  elderly  population.  Female  gender,  age  over
70  and  stage  2 cuff  retraction  are  factors  responsible  for osteoporosis  of  the  greater  tuberosity  of  the
humeral  head.  The  osteoporosis  is  not  severe,  and  normally  the  quality  of  bone  of the  greater  tuberosity
should  not  limit  stability  of suture  anchors.
Level  of evidence:  3.. Introduction
Besides the capacity to heal, an obvious question in the manage-
ent of rotator cuff tears in elderly subjects is the stability of suture
nchors in potentially osteoporotic bone. Imaging often shows a
bone defect or cyst” under the cortex of the greater tuberosity
Fig. 1) across from the tear, strongly suggesting that there is a risk
f instability of the suture anchor, whether it is inpacted or screwed,
arge or small. It therefore seemed important to evaluate whether
he “weak link” in this type of repair was the quality of the bone for
uture anchor stability, rather than the tendon itself.
Our working hypothesis was that signiﬁcant changes that occur
n the quality of bone of the greater tuberosity after the age of 70
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could be worsened by rotator cuff injuries. The goal of this study
was to determine the inﬂuence of age, gender and the type of tear
on the quality of greater tuberosity bone. We  evaluated the qual-
ity of the subcortical trabecular bone of the greater tuberosity by
deﬁning regions of interest or measurements that could be used
and reproduced in daily clinical practice.
2. Methodology
2.1. Patients
This retrospective study included 98 patients whose ﬁles were
obtained from the Picture Archiving and Communication System
(PACS) of the Strasbourg University Hospital (CHU de Strasbourg);
41 patients without rotator cuff tears (group 1), who  were the con-
trol group, and 57 patients with a tear (group 2). The main inclusion
criterion was  age over 60 (to compare patients who were older
and younger than 70). The tear was limited to the supraspinatus in
























tuberosity in an intact cuff (P = 0.27). On the other hand, we  found
F
mig. 1. “Empty or cystic” appearance of the greater tuberosity across from a
upraspinatus tear. Patient in group 2.
atients presenting with a rotator cuff tear, with cuff retraction to
one 2 at most and fatty inﬁltration ≤ 2. The following information
as obtained for each patient: age and gender, the side exam-
ned and when appropriate, the type of tear and its characteristics
retraction and fatty inﬁltration) [1,2].
.2. Measurements
All original images for each patient were transferred to Osir-
xX software (OsiriX software v 4.1.2, 32 bit). A study protocol was
eveloped for the greater tuberosity based on previously published
nd validated protocols on the use of CT scan as a method for analyz-
ng bone density [3–5]. An identical and common region of interest
ROI = 1956 pixel2) was deﬁned for all ﬁles (Fig. 2). With the help
f the software, all CT scan images were scaled 1:1 so that the sur-
ace being studied was not different from one patient to the other.
e deﬁned the axis of the humerus from original CT scan images
or reconstruction of frontal-oblique views. The region of measure-
ent always involved cancellous bone located under the cortex of
he middle facet and along the greater tuberosity. Measurements
ere obtained across from the tear, if present.
Slices were contiguous and we obtained 3 measurements peratient, each obtained from a slice that was separated from the
receding and next slices by 3 slices, to obtain a mean assessment
f the region that was as representative as possible. The different
ig. 2. Deﬁnition of the region of interest (ROI), located in the subcortical cancellous bone
aximum and minimum density (HU), and the standard deviation. Patient in group 1. Surgery & Research 100 (2014) 109–111
measurements were performed during the same session for all
cases.
This study did not determine bone density by g/cm2, but
the density of absorption of an X-ray beam in a speciﬁc region
expressed in Hounsﬁeld Units (HU) [5]. We obtained the mean,
maximum and minimum (depth of trabecular rarefaction) absorp-
tion and standard deviation (SD) for each region.
2.3. Statistical analysis
Statistics were calculated using Xlstat 2007 software (Addinsoft,
Paris, France). The distribution of the two groups was not normal
with the Kolmogorov–Smirnov test, thus, we used non-parametric
tests to compare the results of each group and to compare the
groups among themselves.
P < 0.05 was  considered to be signiﬁcant.
3. Results
Both groups were comparable for mean age (group 1: 72.7 and
group 2: 72.9 years old), side explored and mean Hounsﬁeld den-
sity of the greater tuberosity (81.86 vs 73.02). Group 2 (cuff tear)
included slightly more women than group 1 (gender ratio W/M  0.58
in group 1 vs 1.19 in group 2).
3.1. Inﬂuence of age
Age was  not found to be a predictive factor of osteoporosis of the
greater tuberosity in the overall series (P = 0.27), either for mean,
maximum or minimum bone density. On the other hand, when the
population was  divided into two  groups: age 60–69 on one hand,
and + 70 on the other hand, age was  found to be a predictive factor
of osteoporosis of the greater tuberosity whether or not a cuff tear
was present (P < 0.001).
3.2. Inﬂuence of gender
Gender was not a predictive factor of osteoporosis of the greatertrabecular rarefaction in women  with cuff tears. The minimum den-
sity in this group was  signiﬁcantly lower than that in the group of
women without tears (P = 0.009).
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.3. Inﬂuence of supraspinatus tears
Although the presence of a tear was not the cause of osteoporosis
f the greater tuberosity (P = 0.127), this statement must be quali-
ed in relation to the characteristics of the tear. Retraction to zone
 was a predictive factor of osteoporosis of the greater tuberosity
bone density in zone 1 retraction vs zone 2 retraction – P = 0.0001).
. Discussion
It is well known and generally accepted that the area of
aximum resistance of the proximal humerus is located at the
nter-tubercular groove [6], while data for the rest of the epiph-
sis are either less precise or concern the humeral head rather than
he tuberosities. The populations studied in the literature are dif-
erent from those in the present study (a population that is often
oung with an indication for internal ﬁxation) [7]. Therefore, this
s the ﬁrst study to speciﬁcally evaluate bone density of the greater
uberosity in relation to the presence or not of a rotator cuff tear
n an elderly population with a possible indication for surgical cuff
epair.
Osteoporosis is the most frequently diagnosed metabolic dis-
ase in industrialized countries, and is known to be a major cause
f morbidity and incapacity in the elderly population [8]. The
ain predisposing factors are female gender, advanced age and
enopause (chemical or natural). Although there is a correlation
etween bone density of the proximal humerus and the age of
he patient [7,9], it is important to note that this correlation only
ecomes statistically signiﬁcant at the age of 70. Female gender is
ot highly predictive of osteoporosis of the greater tuberosity. This
tudy only conﬁrms that there is a reduction in the ossiﬁcation of
rabecular bone in women. Reduction in bone density and dete-
ioration of the bone micro-architecture of the greater tuberosity
s a factor inﬂuencing fractures as well as poor stability of suture
nchors [10,11]. One must be careful for the quality of the can-
ellous bone of the greater tuberosity in case of rotator cuff tears
hat are retracted to zone 2 or more. These tears may  be older and
he quality of bone is highly dependent upon the stresses it under-
oes. [12]. Because the stresses of the rotator cuff do not penetrate
eeply into the cancellous bone of the greater tuberosity [13], the
resence of a tendon tear is going to rapidly affect mineralization
f the subcortical bone across from this tear.
Because our protocol has been validated and has been shown
o reproducible according to the literature [3], it can be used in
aily clinical practice to obtain objective, measurable information,
ather than basing decisions on an impression of changes in the
ight and contrast of a CT scan machine. Analysis of bone density
f the greater tuberosity by the radiologist could therefore become
n element in the decisional criteria to help the surgeon decide
[ Surgery & Research 100 (2014) 109–111 111
on surgical repair or conservative treatment in patients over the
age of 70 with slightly retracted rotator cuff tears without fatty
degeneration.
5. Conclusion
This study shows that female gender, age over 70, and stage 2
or greater cuff retraction are factors correlated with osteoporosis
of the greater tuberosity.
On the other hand, the osteoporosis is not deep, and the changes
are not as severe as suggested in our working hypothesis. These
changes in bone density are not an absolute contraindication to
rotator cuff repair surgery in patients over 70.
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